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Abstract-ThH  paper  is  to  study  the  aceessible  depth  hy 
photons  within  hiological  tissue  for  Photodynamic  Therapy 
of  cancer.  For  the  measurements  of  light  propagation 
within  tissue,  we  applied  the  diode  Laser  of  660nm 
wavelength  and  hy  assuming  the  medium  to  he 
homogeneous,  we  neglect  the  effects  of  any  refractive  index 
mismatches  between  the  tissue  layers.  The  result  have 
yielded  the  penetration  depth  of  light  within  biological 
tissue. 
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I.  Introduction 

Photodynamic  therapy  is  an  effective  method  to  treat 
cancer  by  means  of  light  action  on  photosensitizer  in 
tissue.  It  is  considered  that  destroying  effect  is  mainly 
due  to  the  formation  of  singlet  oxygen  resulting  from  the 
interaction  of  light  excited  photosensitizer  with 
molecular  oxygen  (triplet  state  in  the  ground  state).  So 
the  destroying  effect  will  be  proportional  to  the  rate  of 
singlet  oxygen  formation  which  is  in  turn  depends  on 
light  intensity,  photosensitizer  concentration  and 
molecular  oxygen  concentration[l]. 

Proper  intensity  of  laser  could  determined  by  the 
measurement  of  propagation  of  light  within  normal  and 
cancer  tissues.  For  the  effective  PDT,  we  should 
controlled  the  value  of  photosensitizer,  power  density  of 
laser  and  supplied  oxygen  to  tissue.  Increasing  the  power 
density  of  laser  has  problem  like  heating  damage  of 
tissues  from  laser[2,3].  High  intensity  of  laser  leads 
interaciton  of  light  excited  photosensitizer  with 
molecular  oxygen  activity.  It  makes  the  blood  oxygen 
saturation  decrease.  The  interaction  is  also  decreased  due 
to  insufficient  oxygen.  Stopping  of  irradiation  increase 
the  interaction  means  that  pulse  type  of  irradiation  is 
effective  method  for  the  PDT. 

We  measure  the  light  propagation  within  biological 
tissue  as  post  steps  of  determine  the  property  condition 
of  PDT  like  as  intensity  of  laser  power  and  irradiation 
time  control. 

II.  Methodology 

1.  Experimental  diode  Laser  System 

Diode  laser  resonator,  660nm  wavelength  and  300mW 
maximum  power,  was  used  in  this  measurement.  Diode 
laser  system  was  consist  of  CPU,  Key  Input,  LCD 
Display,  Laser  Resonator.  Laser  Power  Supply  and  Laser 


Power  controller.  Fig.l.  shows  the  block  diagram  of 
diode  laser  system. 


Fig.  1.  Block  Diagram  of  diode  Laser. 


Irradiation  time  and  frequency  were  changed  from  lOm 
second  to  99  second  on/off  time  by  setting  for  variable 
measurement  conditions.  Power  density  was  also 
changed  lOmW/cm^  ~  300mW/cm^  by  controller. 

2.  Measurement  of  light  propagation 
The  characterstic  of  light  within  tissue  is  summarized 
reflection,  absorption,  scattering  and  penetration[4,5,6]. 
We  measured  scattering  and  penetration  depth  within 
biological  tissue  by  spectroscopy.  Fig.  2.  shows 
measurement  method.  Light  through  the  sample  tissue 
was  detected  by  spectrometer. 


white  light  source 


Fig.  2.  Method  of  measurement  of  light  propagation 

We  investigated  the  heating  damage  of  tissue  with 
microscope  after  exposed  by  continuous  wave  form. 
200mW/cm2  of  power  density  was  free  from  heating 
damage.  This  power  was  fixed  to  peak  power  of  pulse 
waveform.  We  measured  power  density  through  variable 
of  tissue. 
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III.  Results 

We  measured  laser  power  density  through  the 
biologieal  tissue.  Power  density  after  12mm  thiekness 
tissue  was  redueed  by  half.  Almost  of  the  power  was 
absorbed  within  18mm  thiekness  tissue.  Same 
experiment  results  were  obtained  by  eomparing  with 
eontinuous  and  pulse  waveform. 

Fig.  3.  shows  an  example  of  the  normalized  light 
fluenee  rate  in  the  tissue  as  a  funetion  time.  In  these 
measurements,  the  light  was  eolleeted  by  an  optieal  fiber 
and  the  measured  fluenee  rate  was  divided  by  the  direet 
laser-power  output. 


Lasers.  Spinelli  P,  Dal  Fante  M  and  Marehesini  R, 
Editors.  Elsevier  Seienee  Publishers,  pp  23-36,  1992. 

[4]  Keijzer  M,  Star  W  M  and  Storehi  P  R  M  1998, 
Optieal  Diffusion  in  Layered  Media,  Appl.  Opt., 
submitted. 

[5]  Ishimaru  A  1978,  Wave  Propagation  and  Seattering 
in  Random  Media  (New  York.  Aeademie  Press). 

[6]  Hansen  J  E  and  Travis  L  D  1974,  Light  Seattering  in 
Planetary  Atmosphere,  Spaee  Sei.  Rev.  16,  527-613. 


a(=0.9)  is  fixed 


Depth(mm) 


Fig.  3.  Light  Propagation  within  Biologieal  Tissue. 


IV.  Discussion 

Experiment  result  shows  that  pulse  form  of  irradiation 
has  same  penetration  depth  with  eontinuous  waveform 
within  tissue.  It  means  that  the  property  irradiation  form 
is  pulse  for  the  PDT.  Average  energy  of  effeetive  laser 
form  was  deereased.  We  just  measured  light  propagation 
within  normal  biologieal  tissue.  The  measurement  of 
light  propagation  of  laser  within  malignant  eaneer  tissue 
and  injeeted  malignant  eaneer  tissue  with  photosensitizer 
should  be  performed. 
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